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ABSTRACT 
 
The activities developed in the units which organize the National Nuclear Energy 
Commission (CNEN) are present in various sectors of the Brazilian society, being them in 
medicine, industry, electricity generation, mining, and among the others. Based on the 
assumption that the employees are CNEN´s mayor differential and the training programs play 
an important role in the process of organizational development, because they align the 
professionals with the strategies of the institution properly. Focusing on these matters, this 
master´s thesis aimed to evaluate the training programs which are applied by CNEN, in order 
to propose and evaluate the use of the Virtual Reality (VR) expertise as a new method to be 
applied in the training programs. To accomplish this purpose, we performed two 
methodological approaches through questionnaires. And from the analysis of the results 
obtained, we could realize that there was no efficient training program which is 
systematically applied by CNEN, and the use of the RV technique improves the training 
programs in the understanding of themes whose assimilation is challengeable, such as those 
related to nuclear power. In this sense, for a better functional performance, the training 
programs adopted by CNEN must be structured so as to enable the development of each 
server´s skills as well as abilities and, it is actually hoped that the virtual reality tools could be 
inserted in these programs to pursue only this purpose. 
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1. INTRODUCTION 
 
The topic of nuclear technology is largely associated with the risks and their disastrous 
consequences, which generates unfavorable perceptions of the use of this technology, since 
the population only knows the nuclear accidents that occurred in the past, until recent, and is 
not aware of the peaceful applications that are part of the Its daily life, as in the medical area 
that saves thousands of lives a day. 
 
According to Pastura (2015) there are several applications to follow: 
 
Looking at the reality of the Brazilian nuclear sector, we have diverse 
institutions involved with nuclear technology, such as: regulatory 
body for the use of nuclear energy; Military organization that 
develops technological, industrial and operational processes of 
nuclear installations applicable to naval propulsion; Military 
organization that enables the development of the nuclear-powered 
submarine; A company that operates and builds nuclear power plants; 
A company that develops, manufactures and markets heavy 
components related to nuclear power plants; Company that holds the 
monopoly of uranium in the country; A company that operates in the 
uranium production chain: from mining to the manufacture of nuclear 
fuel. (PASTURA, 2015, p.2) 
 
However, the lack of knowledge is almost total, about the various research involving nuclear 
technology and this problem is further accentuated for some reasons, such as: the population 
does not participate in decision-making processes on the different ways of using this 
technology; There is enormous opposition on the part of the scientific community that 
considers itself excluded from the planning of applications of this technology and enjoys a 
reputation with the public; Little information is directed at the mass media, which convey 
both opinions and facts related to Brazil's nuclear technology, highlighting only negative 
aspects surrounding incidents in facilities; Little articulation between institutional sources of 
information in the nuclear area that could act in a systematic way and function as an 
alternative to the channels mentioned above. 
 
Another unfavorable reason is the realization that, within the internal institutions of the 
Brazilian nuclear sector, part of the staff is not aware of what is developed in their institution. 
(Pastura, 1995) 
 
In this context, considering the National Commission of Nuclear Energy (CNEN), it is 
believed that the vast majority of the servers that do not work in the end activities are 
unaware of what is developed in their unit and, therefore, in other units. On the other hand, 
the area-end servers are also sometimes unaware of what is being developed in other sectors 
of their unit and even what is being developed by the other units that make up CNEN. This 
lack of knowledge can generate lack of integration, which in turn can generate an 
organizational climate of disinterest and demotivation. 
 
Therefore, the training of the servers is of great importance, since there is a need to follow the 
evolution that has been developing in the last four decades in the nuclear sector. Thus, 
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training is essential as a stimulant in behavioral changes, focusing on personal and 
professional growth and, consequently, fostering the development of the institution. 
 
This work investigates the possible gaps in training programs developed in the last four 
decades at CNEN, according to the survey carried out through research, so that a new 
methodology can be implemented to disseminate knowledge about nuclear technology. 
 
 
2. IMPORTANCE IN CHOOSING THE TRAINING METHOD IN 
INSTITUTIONAL DEVELOPMENT 
 
The choice of the training method directly influences the learning, because if it is 
demotivating, monotonous and if the results demonstrate that there was no assimilation of 
content, the institution should rethink the methodology being used and seek to use techniques 
that can provide training to the knowledge.  
 
Therefore, motivation is one of the steps that make up the training methodology, and the 
choice of the appropriate tool assumes an important role in this context, since the 
strengthening of an institution is mainly motivated by the functional body. Only in this way 
can there be engagement, greater willingness to perform activities, behavior change and many 
other benefits that arise from this process, because by the very definition of the word, 
motivation is the act of motivating a person to do something. 
 
2.1 Virtual Reality technique, a new digital platform in training  
 
The use of intelligence techniques in training programs can directly influence the 
understanding of several themes, once seen as intangible. Also, if we can escape from 
standardization and consider new teaching techniques, such as the use of digital educational 
tools, through the Virtual Reality (VR) technique, we can obtain great advantages over 
traditional methods. 
The VR basically relies on three fundamental points: immersion, 
interactivity and imagination, allowing the sensorial integration and with 
that increasing the attention and the interest, in addition, the technique 
incorporates playfulness which makes it a facilitator resource in the teaching 
process and learning1. 
 
We can list the main advantages of a Virtual Reality training and learning2:  
 Possibility of simulating dangerous or risk situations within a controlled environment; 
 Simulate situations and conditions at any time; 
 Possibility of attending a large number of students in various places; 
 Interactive and practical approach, which contributes to learning; 
 Possibility of feedback and continuous evaluation; 
 Exploring virtual scenarios as experience for real-world scenarios; 
 Repetition and practice for efficiency gains. 
 
                                                 
1
 Retirado do sítio: http://www.din.uem.br/~ia/vida/alife2/realidade_virtual2.html 
2
 Retirado do sítio: http://oniria.com.br/sites/blog/artigos/como-usar-realidade-virtual-vr-para-treinamentos/ 
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1.1. Application of RV in the nuclear area 
 
The nuclear area is present in several sectors of Brazilian society in medicine, industry, 
electric generation, mining, among others. However, because it is an activity that involves 
risks, safety procedures must be adopted and, for this purpose, training routines become of 
great importance. Under this view, training with the use of new techniques such as Virtual 
Reality can be a great advantage since it facilitates understanding and does not expose the 
individual to ionizing radiation. 
 
Augusto (2008) in his dissertation work posits that the Virtual Reality technique has 
enormous advantages when employed in training activities developed in risk areas because: it 
does not present health risks; Allow better visualization, evaluation and planning of actions; 
improve the performance of activities and reduce possible failures in the execution of tasks. 
 
He goes on to explain that in the case of nuclear installations, where there are areas with 
considerable radiation levels - hot areas - using the RV technique for training workers in these 
areas, they allow them to be trained in different unusual scenarios without really being 
Exposed to ionizing radiation, and may even simulate an installation not yet built or non-
operative. The technique also allows the construction of scenarios with visualization of the 
dose levels of ionizing radiation and, in this way, the worker can plan their actions in 
advance, which can reduce or avoid risks. 
In the Nuclear Engineering Institute (IEN) of the National Nuclear Energy Commission 
(CNEN), the Virtual Reality Laboratory (LABRV) has been developing eleven years of 
digital educational instruments - 3D videos and simulators - for the purpose of training 
individuals occupationally Exposed (IOE's). 
 
The objective of the digital educational instruments is to allow the trainee to visualize 
actions, reactions, structures and facilities, and to be able to perform and live, in a real way, 
procedures and techniques for risk prevention, such as: 
 
 Nuclear energy applications: video that presents some applications of nuclear 
energy - nuclear-electric generation, nuclear medicine and food irradiation - allowing 
the trainer to travel inside the facilities. (Freitas et al, 2011, LEGEY et al, 2013) 
 
 Modeling of the Argonauta nuclear research reactor and its control room: it 
allows the reactor worker to plan the routine activities in advance, since it is possible 
to predict the dose rate practically in several operating scenarios of the Argonauta 
reactor, with the main objective of Optimize the doses during the execution of the 
activities. It is also possible to obtain the radiation dose rates accumulated during their 
execution. This modeling can be adapted to other nuclear installations, serving as a 
useful tool in activities involving ionizing radiation and, thus, to avoid risks to 
workers' health. (CNOP, 2016) 
 
 Virtual IEN: the entire installation was virtually built with the objective of assisting 
in the study and definition of strategies, enabling them to be evaluated and corrected, 
and was developed for the training of physical security and radiological and nuclear 
security teams. In the application, various situations that can affect the visibility and 
detection of opponents, such as natural and artificial lighting, weather phenomena, 
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shadows and others, are simulated with a high degree of realism. In addition, the tool 
has a surveillance system through virtual cameras allowing the monitoring of the 
environment and the simulation of strategies of approach. (Silva et al., 2015) 
 
 Virtual detection system for radioactive sources for training and planning of 
radiological safety of a nuclear installation: modeling of IEN equipped with virtual 
characters, capable of transiting and interacting with the environment, in order to train 
radiological safety teams in the detection of sources Radioactive, illicitly transported 
by individuals into the facility. It is possible to discover and locate radioactive sources 
by means of portable detectors, operated by the characters within the virtual 
environment, it is also possible to monitor the dose rates by fixed radiation detectors 
installed at strategic points. (GONÇALVES et al., 2013) 
 
 IEN waste deposit: simulation of the routine process of allocation and / or relocation 
of the packages containing radioactive material in the tailings deposit, where the 
character can be in two different situations, walking or driving a forklift. The 
application also shows the radiation dose mesh, due to the packaged depending on the 
position of the worker inside the tank. This tool is very useful in the previous planning 
for allocation and / or relocation of the packages, guaranteeing the radiological safety 
of the worker. (Freitas et al., 2014) 
 
 Conceptual model of the future national repository of radioactive waste: an 
application being developed with the collaboration of the Nuclear Technology 
Development Center (CDTN / CNEN). It is possible to visualize the installation of the 
national repository, which will permanently store the low and medium tailings Levels 
generated in the country. It allows to visualize the entire installation for physical and 
nuclear security purposes and also to simulate the process of allocation of the 
packaged according to the level of radiation generated. The character may be in two 
different situations, walking or driving a forklift. The application can predict the mesh 
radiation dose due to packaged, depending on the position of the worker within the 
repository. (CHELLES, et al., Dissertation in progress) 
 
 Olympic Safety Planning: This application was developed for the training of the 
CNEN and National Security Forces agents for the Rio 2016 Olympics, in modalities 
in Maracanã and its environment to prevent possible incidents involving illicit 
trafficking of radioactive material. The application is endowed with characters that 
circulate in the stadium and surroundings with radiation detectors for possible 
identification of radioactive material. The purpose of the application is to simulate 
situations that may affect the nuclear and radiological safety of the population at 
major events. (PASSOS et al., 2016) 
 
The construction of virtual environments, in order to reproduce situations and activities in 
areas with ionizing radiation, is essential for the safety of the worker, since it allows to carry 
out the previous planning of the activities that will be developed as much as in real situations. 
One of the three pillars of Radiological Protection is time, and the use of RV technique in 
training, allows optimizing both this and the process of performing the activity with the 
ultimate goal of decreasing worker exposure to ionizing radiation. 
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2. FIELD RESEARCH METHODOLOGY 
 
In order to reach the proposed objectives, the methodological steps applied in the 
development of the research are based on methodological approaches of a descriptive 
qualitative-quantitative nature for data collection. It consists of three parts: questions about 
the respondent's profile, the questionnaire itself with closed questions and space for the 
positives and negatives points. (Appendix A) 
 
In the first part, the respondent indicated his / her level of education, professional training, 
area of activity and age group, all questions related to the profile of the same. 
 
The second part consisted of five closed questions whose objective was to evaluate the 
application of the VR technique as a tool to disseminate knowledge about the applications of 
nuclear technology - printing on technique, facilitation of understanding, user-machine 
relationship, stimulant method, applicable methodology in training. 
 
In the last phase it was asked to answer on the positive and negative aspects regarding the use 
of Virtual Reality in the dissemination of knowledge about the nuclear area. 
 
The second questionnaire was applied during the VII International Nuclear Atlantic 
Conference 2105 / INAC 2015, at the CNEN booth at the technical and trade fair of this 
international category nuclear event. The stand was visited by about 350 people, including 
congressmen, students and representatives of Brazilian nuclear sector institutions, (including 
CNEN servers). (Appendix B) 
 
Five applications of the Virtual Reality technique were demonstrated through simulators: the 
conceptual model of the future national repository of radioactive waste; The Virtual IEN, for 
physical security training; The Maracanã and its surroundings, for the training of the CNEN 
agents who will take part in major events, such as the Olympics; The IEN Repository, which 
simulates the allocation of storage containers, calculating radiation doses and shielding, and 
the Virtual Argonauta Reactor, an application that allows an interactive virtual visit in the 
premises of Argonauta at the same time the visitor is informed about Its main components 
and activities. 
 
This methodological approach served as a case study to evaluate the application of the Virtual 
Reality technique, based on its use as a new training method and also as a facilitating agent 
for the acceptance and dissemination of nuclear technology. 
 
3. DATA ANALYSIS AND DISCUSSION 
 
3.1. First questionnaire 
 
In the first questionnaire, the analysis of the answers was divided in decades for a better 
visualization as to the evolution of the training programs developed in the last four decades in 
CNEN, however each subitem is indicated the effective years of the entrance of the server in 
the CNEN. 
 
The data collected from the first questionnaire, applied to the CNEN servers, were tabulated 
and classified by: 
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 Field of activity: administrative or technical; 
 Level of instruction: medium, higher, master's and doctorate; 
 Year of entry of respondents: 1973 to 2015; 
 Type of training received: institutional and operational. 
 
The evaluation of the first questionnaire clearly demonstrated that most of the training 
programs applied in the last four decades did not achieve the expected learning outcomes. 
And this is confirmed by the great majority of the suggestions pointed out by the CNEN 
servers that the biggest reason is the administrative and organizational barriers. 
 
3.2. Second questionnaire 
 
The second questionnaire was applied to participants of INAC 2015, with the objective of 
evaluating the acceptance of the Virtual Reality technique in training programs through 
digital educational instruments and is formed by three parts: questions about the respondent's 
profile, the questionnaire Itself consisting of five closed questions and space to point out the 
positive and negative points of the use of the Virtual Reality technique in the transmission of 
knowledge about the applications of nuclear energy. 
 
The data collected from the second questionnaire were tabulated and classified by educational 
level - medium, upper, postgraduate, master's and doctorate and by age group. Being that: 
 
 Middle Level: 19 responded with age range ranging from 18 to 50 years. 
 Higher level: 55 respondents with ages ranging from 20 to 60 years. 
 Postgraduate level: 10 respondents with ages ranging from 20 to 60 years. 
 Master level: 27 respondents with ages ranging from 20 to 60 years, one participant 
did not answer question 3 and another did not answer question 4. 
 Doctorade level: 21 respondents with ages ranging from 20 to over 60 years. 
 
Considering the above, we have the number of 132 respondents, among the visitors of the 
CNEN booth. 
 
In the second part of the questionnaire, the analyzes of the answers were divided by degree of 
satisfaction. 
 
The evaluation of the second questionnaire showed that there was great acceptance by the 
public about the use of the virtual reality technique for training purposes. 
 
Note: as this work was developed from the master's dissertation of the author, the answers of 
the two questionnaires that are made in histograms will not be detailed and by detailing them. 
For an overview of the work, consult the dissertation. 
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5. CONCLUSION 
 
The first part of the study sought to evaluate the training programs applied by the National 
Nuclear Energy Commission (CNEN) in the last four decades and the objective was reached 
when analyzing the answers given by the 133 servers of the institution to the first 
questionnaire. 
 
Thus, the results allow us to conclude that, during the last four decades, there has not been an 
efficient training program that has been applied in a systematic way, mainly in the entrance of 
the servers to the institution, as well as in its units of action, on the activities developed in 
CNEN and in the institutions of the Brazilian nuclear sector, regarding the use of nuclear 
technology. 
 
The analysis of the second part of the study allows to conclude that the majority of the public, 
participant of the INAC2015, approved the proposal of use of the RV technique in training 
programs. 
 
Therefore, it is fundamental that training programs should be systematically implemented and 
the use of current, dynamic techniques that facilitate the learning process, such as Virtual 
Reality, be widely disseminated in CNEN and the Brazilian nuclear sector. 
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APPENDIX A: INVESTIGATIVE QUESTIONNAIRE - TRAINING 
 
This questionnaire aims to identify the main training needs and is intended for 
CNEN's servers. In this way, it seeks to establish the demands for future 
training actions aimed at this public, based on the identification of the main 
activities carried out in the institutions that comprise CNEN, as well as the 
problems related to them. 
 
Your participation is very important so that I can get the real demands and 
thank you in advance for your participation. 
 
1. Do you belong to which directorate of CNEN - DPD, DRS or DGI? 
2. When did you join CNEN? 
3. What is your professional background? 
4. What is your unit and sector? 
5. What is your area of activity? 
6. What is your position? 
7. What is your age group 60 - 50, 50 - 40, 40 - 30, or 30 - 20? 
8. In the year you joined, was there a presentation about CNEN so that you 
could get to know the institution and its future unit? Make a comment. 
9. Has your unit provided you with any operational training or instructional 
lectures to better understand your area of expertise at CNEN? What's up? What 
is the period? Did it meet your needs? 
10. If you have been transferred to another (or other) CNEN unit, did you 
receive new training upon joining? Specify. 
11. Did your unit provide you with a technical visit to the other CNEN unit? Was 
this new knowledge important to you? Specify. 
12. Do you still have any need for any specific course to continue achieving 
your goals within the institution? Specify. 
13. Have you met any institutions that make up the Brazilian nuclear industry - 
INB, Eletronuclear, Nuclep or another institution, through some internal training 
program? 
14. In your opinion, is there a training policy in your institution? If yes, please 
specify. 
15. Do you have any suggestions you would like to make for an improvement in 
the training process that can assist in your professional training process? 
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APPENDIX B: ASSESSMENT QUESTIONNAIRE FOR VIRTUAL REALITY 
APPLICATIONS NUCLEAR AREA 
 
(You can mark more than one option) 
 
1) What do you think of Virtual Reality tools? 
( ) excellent ( ) good ( ) regular ( ) unsatisfactory ( ) stimulating ( ) amusing ( ) dynamic ( ) 
innovative ( ) motivating ( ) comprehensive ( ) interesting ( ) uninteresting ( ) tiring              
( ) monotonous  
 
2) Regarding the facilitation of understanding the proposed theme? 
( ) Excellent ( ) good ( ) regular ( ) unsatisfactory 
 
3) Do you consider interactivity (user-machine relationship)? 
( ) Excellent ( ) good ( ) regular ( ) unsatisfactory 
 
4) Do you think this method has stimulated you to know better the applications of nuclear 
energy? 
( ) Yes    ( ) No 
 
5) What do you think of this methodology to be used for training? 
( ) Excellent ( ) good ( ) regular ( ) unsatisfactory 
 
6) Write in the space below what you think of the use of virtual reality in the nuclear area 
(positive and negative aspects). 
 
 
